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CLOCMATSM  OF  A  TTPZ  OF  NATURAL  CLUZZEX 
Of  L-BAKD  RAOJJtt 


L  OTTROOUCTICK 


For  a  number  of  yarn.  rjUara  -  especially  coastal  radars  -  hat 
at  tfjLiC.  and  medium  raaps  aaaf  targets  that  do  not  sees*  to  coincide  sHk  any  actoal  nilmag 
eojrrts.  A  great  many  of  these  targets  are  not  removed  by  moving  target  indicator  (MTU  tech 
n  iyies,  and  there  often  appears  to  be  little  scaa-to-scaa  coherence.  TW  targets  are  n anally  an 
mmrrous  in  a  coastal  radar  that  toe  innermost  portion  sf  toe  plan  position  indicator  (Hit  s« 
to  id  or  JO  tauticel  miles  on  radars  of  toe  types  used  m  ADC.  la  as a  useful  in  surveillance  ea r 
intercept  direction  either  with  a  ei  nun!  system  using  human  operators  or  with  an  automatic  hti 
processing  system  such  as  SAGE.  la  a  manual  system,  toe  'hole*  a  toe  radar  <  seer  age  may  ha 
officially  recognized  and  rejected  ar  it  may  be  ignored  an  cowee  tonaly  hot.  in  either  case,  toe 
operator  finds  H  impossible  to  track  ary  hut  eery  large  aircraft  in  regions  eihihittog  these  tar¬ 
gets.  Because  the  number  of  such  targets  is  so  large  aa  to  saturate  toe  computer  a  SAGE,  toe 
central  area  of  the  PP1  oust  he  'tapped.*  that  is.  the  data  are  rejected  front  thane 
they  enter  the  computer.  Although  a  a  manual  system  toe  large  aircraft  may  he  trached  by 
larger  returns,  tola  process  a  limited  because  sf  toe  restricted  dynamic  range  eg  d to 
used  in  toe  PP1  scape. 

Sensitivity  time  control  iSTCj.  which  causes  toe  gaa  to  vary  no  a  function  a f  range  in  each 
beerpulse  interval  in  order  to  reject  small  targets,  often  improves  toe  situatar  for  hoto 
and  automatic  systems.  U  toe  gala  is  made  too  low  at  short  ranges,  however, 
frequently  to  remove  the  aircraft  returns  as  well  aa  the  an desired  targets,  leaving  toe  central 
portion  of  the  PPI  quite  clean,  but  noil  preventing  tracking  through  ton  area  It  to  toerefsew 
important  that  the  shape  and  magnitude  of  tne  STC  waveform  he  quite  carefully  controlled  to 
seder  to  conform  to  the  range  dependence  of  toe  targets  to  be  reused. 


ZL  THE  BIRD  IDENTIFICATION  EXPERIMENT 

A.  Target  Characteristics 

Figure  1  shows  toe  PPI  display  sf  an  L-band  (t )«  Mcpe)  coastal  radar  on  Cape  Cad  on  a 
typical  day.  The  range  marks  are  at  a  spacing  of  10  a. mi.,  with  toll  scale  at  »  a. mi.  Hus  to 
a  normal  video  presentation  ta  which  the  lend  area  of  Caps  Cod  appears.  The  ms  inland  sf  Mss- 
sac  ho  setts  appears  at  a  range  sf  about  ft  n.ml.  to  the  w  tot  of  the  »n».  _nd  cute  o it  at  slightly 
greater  ranges  because  of  toe  radar  hortion.  The  many  targets  risible  over  toe  water  sects 
are  toe  undestred  targets  under  fmiuon.  The'  ring  at  about  •  a.aU.  to  caused  by  large  Used 
targets  at  Province  town,  on  too  tip  sf  toe  Cape,  which  are  v'sible  an  toe  side  and  hack  lokew. 
Figure  i.  taken  within  a  few  m.n>trs  of  Fig.  1,  shows  the  same  ares  with  UTI  prenrwtatian.  A 
great  number  of  targets  see  still  visible,  although  the  land  areas  have  been  removed,  which 


Fig .  1.  m  ywMitiw  of  Mmal  ii4«  fro 
AN/fn-1  »adai  «  South  tio»|l>*  ow.  lanyi 
•soekaj  M  tcolo  JO  •.«.). 


Fig.  3.  fft  ywitHtil1  V  Mil  hiW 
partly  Ww  fig.  I  undse  MM  unditiaM. 


indicate*  that  the  MU  ta  functioning  In  fact,  the  land  areas  appear  aa  silhouette*  lit 

Fig.  1.  since  very  few  moving  targets  appear  oxer  them  because  of  the  finite  Bubclatter  capa¬ 
bility  id  the  radar. 

Th.a  iipernwiit  was  begun  aith  aa  Alf/FFS-I  radar  abuse  lower  beam,  having  a  vertical 
beam  width  of  approximately  1*.  Just  'scrapes*  the  burisnn  at  it*  lower  1-db  point.  The  upper 
beam,  of  approximately  V,  ta  postulated  juat  above  the  lower  beam.  The  undeaired  largrta 
were  visible  un  the  lower  beam  but  were  no*  observed  an  the  upper  beam.  In  later  portion*  of 
the  experiment,  an  AN/FFS-fO  was  used. 

Questioning  the  operating  and  maintenance  personnel  at  a  radar  ai'e  aa  to  the  identity  of 
these  target*  usually  elicits  responses  ouch  as  •AP'  I  anomalous  propagation!,  'avraospherica.* 
•sea  clutter.*  'angel*,'  or  eves  *1  dos't  know.' 

One  of  the  moat  important  considerations  was  to  determiae  the  Identity  of  the  targets  and 
whether  they  were  all  of  die  same  ^ipe.  A  very  powerful  tocl  in  »hi*  effort  was  thr  coherent 
video  out  of  the  IK  phase  detector  as  viewed  os  the  A-scope.  The  antenna  was  stopped  and 
allowed  to  searchlight  at  an  asimuth  containing  the  undeaired  targets  while  the  A  -scope  was 
viewed.  Figure  I  shows  sea  clutter  »t  abort  range,  and  two  of  the  typical  undeaired  target*  at 
longer  range*.  The  rai'ge  scale  has  been  rapanded  so  that  it  abuws  I  to  If  a. mi.  is  order  to 
thaw  greater  detail  in  the  regius  viewed.  Thr  sea  clutter  ta  seen  to  have  noisy  amplitude  char¬ 
acteristics.  This  photograph  war  takes  ander  very  windy  conditions  and  ia  one  of  the  very  few 
pwsany  nwxww-  »  . —  ■  obarrvatnsta  of  actual  tea  clutter  during  the  en¬ 

tire  y»*r  at  thi*  eaperimmt  Cite  under  these 
,  ^ ^  unusual  condition*.  «ea  clutter  t*  visible  only  out 

’  .  ,  |  .  '  i  to  about  If  n. nu.  Usually,  so  #c*  duller  at  all 

f  i  •  I  if  'f  " 

'  .  f  •  1  •  is  ubaerved  at  this  site.  Investigation  of  the  typ- 

t  t  ,i 1 

teal  undeaired  targets  shows  that  each  is  a  dia- 
i..  .  _  .  .  Crete  target  having  a  pulse  length  equal  to  the 

transmitted  pulse  length  -  that  is.  each  is  rssen- 
tisily  s  point  target.  The  coherent  v.deo  vane. 
SmM*  ftwo(MI  k«U  appr— JO  in  from  pula#  to  polar  aa  the  phaao 
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changes  because  u f  rl  nge  m  range,  which  in-iicaies  that  each  L3  a  moving  target.  From  aboer- 
vat  net  u f  the  pulac  aha|>e  m  the  A-ec<qic  and  meaaucement  of  Doppler  frequency  akitl  uamg  a 
gated  puloe  etrrt.hrr  (boat-art  centered  upon  -wdividuat  targets,  it  ia  apparent  <M  each  target 
baa  a  d.avretr  velocity  that  -ha.tgca  Hi  a  aomrwaai  random  m  ■  nnrr .  and  that  arenas  ta rgcta 
often  havr  quite  different  radial  \-elui  iflca. 

Measurement  of  thr  true  thrqilrr  frrqwmy  would  be  a  meaeure  at  true  radal  edacity  but. 
bevausv  of  die  low  rr|irtition  rated  of  die  radara  uaed,  the  f.rat  blind  apeed  ia  nppi  ■  ■Innnlj 
•Oknota;  measurement  at  <|ieed  ia  therefore  ambiguous.  with  an  ambiguity  internal  af  about 

tO  knot  a.  Measurement  of  aiqxarrat  Diqipier  frequency  and  simultaneous  rough  . . if  at 

range  rate  on  the  A-icnpe  were  uaed  to  resales  the  apeed  ambiguity.  By  thia  macaw,  it  waa 
determined  that  the  range  rate  aimnal  certainly  did  not  exceed  90  knots,  and  fata  waa  usually 
leas  than  40  or  60  lututa.  Thia  haa  also  been  verified  by  measurement  of  elapaed  ttaae  and  dis¬ 
tance  traxeled  by  these  targets  on  scan-by-acan  PP1  ‘movies*  face  Sec.  U-C).  Observations  at 
various  aaimutha  indicated  dud  moat  of  the  targets  were  of  die  same  type.  They  were  observed 
ta  remain  ut  the  beam  of  Jir  acan  blighting  antenna  for  aa  little  as  a  fe  »  seconds,  and  sometimes 
fur  aa  long  as  several  minutes.  The  acan-hy-acan  movies  show  that  many  at  the  Individual  tar* 
gets  are  disxrrn.ble  fur  an  h-«tr  or  mure,  although  usually  they  would  not  reman  in  a  search- 
lighting  beam  for  even  an  aiqurrciablr  fraction  af  that  time. 

B.  Diurnal  and  Seasonal  Variations 

Having  determined  that  the  targets  are  mostly  i'  the  same  type,  the  neat  procedure  was  to 
determine-  the  diurnal  and  seasonal  variations  of  their  occurrence.  The  persomel  a*  die  site 
auted  that  most  clutter  of  thia  type  occurs  during  the  summer  months,  but  the  ease*  variation 

was  not  documented  b.  records.  Far  a  period 
af  a  year,  beginning  in  December  1944,  many 
days  (and  nights!  have  been  apese  aheervtng  (he 
PP1  scope  on  MTI  presentation  far  dlvmal  var¬ 
iations.  and  many  periodic  and  ocaw-by-scao 
photographs  have  been  taken  ever  24-nour 
periods.  The  present  data  therefarr  show  the 
diurnal  vaiialions  approximately  sue  day  a 
week  foe  a  year. 

In  general,  there  are  more  at  dfa  targets 
diring  the  summer  months  than  daring  the  win¬ 
ter.  E-cept  for  certain  periods  as  dm  spring 
and  tall,  there  are  usually  more  targets  during 
dayirgtit  hours  than  during  the  nigfaL.  Figure  4 
ahowa  the  daytime  distribution  on  a  typical  win- 
ter  day.  The  ergon  at  an  anmuth  u i  I  -!0*  seems  to  be  a  preferred  region  that  rum  somewhat 
in  ajimuth  and  varies  in  range  front  14  to  14  n.mi.,  although  at  times  it  estrads  beyaaad  40  n.mi. 
This  region  has  to  rn  ntirvrxcd  thr—ghout  ihr  period  of  the  experiment.  Attempts  knee  been 
ma.tr  to  find  some  a  irfare  idimomrmei  that  might  explain  the  preference,  tat  die  typographic 


fig .  4.  P9t  w  *>*e  loti  an  of  MTI  »I4ss  so  s  typical 
wintst  day  (10-n.ad.  large  aoiii. 
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cWti  show  SO  to  ldOfathoja*  of  uater  in  the  preferred  rejton.  L-^ai  pilot*  And  fishermen  »uttt 
that  the  water  is  visually  rougher  in  this  region  than  m  iurr  'und.i*g  arras,  probably  because  at 
interaction  at  oppo cm|  currewu. 

Figures  64a)  through  Wd)  show  a  sequence  o t  pictures  at  l  \  -aomdr  intervals  owcompasamg 
sunrise  cav  4  Feoruary  1467.  On  that  date,  morning  twilight  a’.arted  at  about  06-41,  15  unutes 
before  the  first  picture.  In  K:|.  5(a).  the  tip  and  •wrist*  at  the  Cape  are  plainly  outlined  by  the 
unde*. red  targets.  In  F;g.  5<b).  taken  21  minutes  later,  'he  outline  is  no  longer  visible,  and 
targets  are  m m  beyond  20  n.mi.  at  many  vuimt/th*.  Figure  Me)  is  5  minutes  before  sunrise 
and  shows  even  greater  spread  and  density.  Figure  6*d)  is  lb  nr  nutes  after  sum  is?  and  shows 
•he  continuing  spread.  Viewing  this  same  period  or*  the  scan -by -scan  movies  shows  that  the  Ur* 
gets  that  first  appear  at  the  snore  of  the  Cape  travel  in  aooro?> matny  straight  lines  in  their  over* 
spreading  of  the  srofe.  During  the  day.  there  is  a  general  mi  King  around,  with  usually  a  genet  ai 
drift  component  m  the  direction  Of  the  airfare  wir.  J.  In  the  cvcn-ng.  the  trend  is  toward  the 
Cape,  but  it  is  not  so  marked  as  during  the  morning  outward  rush. 

Figure  6  shows  a  RA PM  display  on  a  winter  afternc-r*.  The  range  is  approximately  50  n.mi. 
fa!)  scale.  The  firs*  10  n.m.  are  gated  out  in  the  FST-2.  The  tube  used  in  the  RAPP)  has  a 
phosphor  of  extremely  long  persistence,  so  that  the  tracks  show  the  hiotjry  of  the  targets.  The 
tracks  to  the  south  are  aircraft  that  use  Nantucket  as  a  turning  point.  The  shorter  tracks  are 
the  targets  under  discuss. on.  The  relative  le.-gths  of  the  tracks  are  s  measure  of  the  relative 
speeds.  It  is  interesting  to  note  the  random  direction  and  a  Inoat  uniform  speeds  of  the  unde* 
sired  targets. 

In  the  spr.ng.  after  the  norma!  tvrgel  density  has  reduced  r»  the  evening,  the  scope  becomes 
overspread  with  a  great  number  U  targets  with  nearly  uniform  dens  ty.  approaching  from  the 
smith  and  heading  toward  the  northeast,  with  their  density  reducing  about  midnight.  In  the  faU, 
dte  timing  is  somewhat  afferent.  TTie  targets  appear  somewhat  later,  continue  until  nearlydawn, 
and  move  in  a  general  southward  direction.  Figure  7.  taken  .it  'he  fall,  shows  the  type  of  distri¬ 
bution  observed.  The  ger.era!  d.rrrt;an  of  the  targets  is  usually  affected  by  *he  surface  wind 


Frf .  4.  Mfff  d.toloy  V  MTf  video  on  o  olmo*  Fig.  7.  MTI  e?  twjffcfeound  Nargolt  «t  on 

oftomoon.  ftoawr  dtoofed  of  co«*e*  of  “tvolo"  oufomn  night  ( (0-« ,«m  .  rongo  woii}. 

ilifMly  obo.t  ewtfe  of  powt. 
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but  ih«ir  velocity  is  much  (renter  than  dm  wind.  Wkta  this  picture  was  taken.  heir 
velocity  vu  bet «tn  iVand  tl  knot s  when  the  nvliit  wind  was  lb  knot*.  A  wind  prod!*  ap  tw 
£3.000  feet  ebowed  no  wind*  at  any  altitude  that  would  account  far  the  motion.  It  should  be  anted 
that  there  are  aectora  to  the  east  and  west  where  hew  are  very  few  targets.  This  is  be  caw  aw 
the  jmcril  motion  is  scsthvmrdi  targets  at  these  azimuths  haws  na  radial  velocity  sad  are  there* 
fore  rejected  by  the  MTJ  circuitry.  The  few  targets  aeee  at  these  azimuths  are  thic  mostly  te 
local  targets  traveling  u  or  out. 

C.  Poai Ibis  tdewUflcaUoee 

At  this  point,  it  is  appropriate  to  consider  what  possible  explanations  might  be  advanced  fee 
these  targets.  The  general  class  of  targets  of  which  three  are  one  type  has  been  labeled 
'angels*  —  radar  returns  from  unknown  or  invisible  targets. 

f.  Sen  CLitter 

The  original  hypodsraia  of  the  personnel  at  the  site  was  fat  the  echoes  mere  sea  chatter. 

The  point-target,  fume-lifetime  and  discrete -velocity  properties,  however,  are  InconsastesS 
with  sea  clutter.  Is  addition,  there  Is  not  the  proper  correlation  with  wind  direction  and  velocity. 
A  visit  to  an  ADC  site  equipped  with  both  Intend  and  S-band  radars  of  comparable  sensitivities 
showed  that,  when  the  S-band  radar  was  uosrrvmg  sea  clutter  out  to  10  n.mi.  or  aau  the  L-iosd 
set  showed  only  these  pomt  targets  and  so  distributed  sea  clutter.  Theoretical  is  vestige  turn  • g 
known  sea-clutter  observations  made  from  aircraft  indicates  dial,  with  the  power  and  beajwwidth 
of  ADC  radars,  surface— mounted  L-band  sets  abrtild  not  be  expected  to  observe  sea  clutter  be* 
y  md  a  mile  or  so.  while  at  higher  frequencies  it  should  be  observable  to  greater  ranges.  This 
la  because  die  grasmg  angle  above  which  sea  clutter  as  visible  decreases  with  decrease  id  radar 
wavelength  aa  well  aa  with  increase  m  wave  heigws. 

£.  Weather 

Some  meteorologists  believe  that  moat  "angels"  are  due  to  atmospheric  inhomogenetnee  af 
one  type  or  another.  Theories  hive  been  propounded  of  atmospheric  "bubbles"  —  regions  af  sharp 
dielectric-constant  discontinuities,  or  vortices  giving  rise  to  reflections.  The  theories  are  not 
capable  of  predicting  returns  of  the  sixe  observed.  Such  bubbles  and  vertices  would  be  expected 
to  move  with  the  prevailing  wind,  and  the  abeet-  ed  random  velocity  changes  and  velocity  differ* 
cnees  of  adjacent  targets,  aa  well  as  the  Urge  velocities  reUtive  to  the  winds,  are  sot  cows  latent 
with  such  hypotheses.  Evidence  concerning  horizon  af  the  targets  under  discussion  indicates  that 
they  are  usually  at  hi  tundra  of  less  than  a  few  hundred  feet. 

).  Insects 

The  meteorologists  have  done  a  great  deal  of  Sir ir  work  at  K-hand,  where  the  wavelength  la 
comparable  with  insect  dimensions,  and  there  appears  to  be  e  ride  wee  that  at  least  toot  af  their 
targets  are  due  to  insect  returns.  Insects  are  m  the  Rayleigh  region  at  L-band  and  shoo  Id  ha 

negligible. 

4.  Birds 

A  fourth  possible  interpretation  is  that  the.-  targets  are  returns  from  birds.  Reports  af 
b.rd  sightings  with  nWri  are  numerous  m  the  literature;  some  of  these  reports  are  listed  hi 
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*<  toiwpyty  at  Iwiwti  A-  Miwwm  pec — 
Cmr  lAiTUt)  u4  at  *>  M.LT.  Laboratory  for  tt 
l  ->»■  Laboratory  prtyta  at  t*  DkTW  Late  taw  ■* 
tana  fontfttita  >1»<  f^r-ag  ar— i  Atbtta 
m'f  taw  •  (Ttta  irrtur  4  iLr  attar  a f  Lit  a«p  ar* 
trttadi  id  a  taut  pi— -bTe  to  Ml  both  analytically  and 
LAicur  RfM  for  UWKtya. 


ata  by  Ar  ftrn  Csmbcsdgo  boa*  arch 
alaen  draoarcb  x  ecanac-tioc  tip 
cated  Lu  a  ar*  gull  b* bases  aa  ibau^k 
i*!*cg&  of  La  radar,  a  gaart  a#  am 
—tar  Hu  a—  of  —  ta*  lyhon 
capon— anally.  —a Id  baa*  a  aia*  ta  — 


i  tttdaat  of  (4  ratal  of  M  i 


Lfin  •  dm  b—  —  radar  Croat  arnica  for  a  ayborr  wnto  tin  varrltagib.  Tbr  r  »*• 
taatal  scats  ib  At  rttt  of  cirnc/rmci  of  ikt  spferr*  to  ibr  tiwUoiL  of  Lo  radiattoa.  aad 
tka  wran:  scat#  to  ibr  raua  of  fba  radar  rroao  arruoa  ta  fa  grrtar ’rtral  cross  section.  |Tb# 
(igim  ar#  from  Aden.  'Eiccawfacuc  Scattering  frooa  Sphere*  a  ib  J*«tt  Comparable  ta  *a 
bacetee-gib.*  J.  A^i.  Ptnra.  Ml  ( t 95 t L |  Vtat  Lo  oitusicnort  ta  equal  la  th#  ttwltafb. 
—  '(rtod  cat**  nnU|  arm—  the  aptaero  p»at  adds  aa  —  tartdrat  aatr  is  aarb  i  way  aa  ta 
(it*  aartsia  nftetux  Tbr  peak  non  at  tbr  aatar  nduo  far  a  mrtal  |i—a tall  optarrj 
aa  for  a  Lni:td><aur  ILtbrnci  sphere.  The  aawd  cut**  ar*  brjrftictl.  but  the  prints  and 
daabrd  new  o  at*  eaperuarntmt  aid  matcb  A*  theory  qxtt  mU.  Ib*  atraoerratoct*  err#  per* 
foe  cord  a:  CrjJ!  r^rt-co  U'rrrwy  of  Karrard  I'wnrxiy.  Tfce  yuel  of  aalrr  —aliened  ctMld 
con#  at  Ao  first  can— at  -  a  r*  of  aalrr  bavtid  iLwot  aa  order  of  atagattud#  greater  eras# 


Of  court*.  —  bird  aaeia  t^ere.  bet  moat  of  —  matt-tare  is  contained  aa  the  taff.  TV# 
A rcitc  Betarearrt  tndicatr  that  ib#  bird  behaves  wee*  ate  a  can#,  dt#  aetea*  aspect  bring 
appreciably  (rratrr  bn  ibr  taUwa  aapm.  Because  4  dtr  maay  compound!  dt  arrived  at  tba 
body  C-*».  a  bet  pace  nearer  approaches  a  mdwiji(  otr*  *ai  a  d-olrctric  aaa. 

Cajf  a  ccuemCTt  «r.m>  af  vet  a*  for  ibr  b.  rvf  cross  am.ca,  tbrn  aitb  dir  turn** 
poorer,  rrce.ter  notse  f (tre.  and  beast  patter*  of  d*  fTJ-ff  radar  bui|  the  lacer  f-db  poind 
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af  Aa  »!»■■»  ptntwi  a*  Aa  tanna;  ■  a»|k  m  pill  on  Aa  bo ansa*  at  <H|>wc  lappcunlioately 
Jt  an  |  ri»|>  nnk  give  a  return  tffmimittljr  HA  above  rtcttwr  nut. 

An  a*  Ulvintai  af  At  reasonableness  d  dua  figure.  c— a  k r  that  aa  F-b*.  baaing  a  cm* 
serum  d  about  t  aa*.  ta  reliably  malt  «a  ttak  III  a  nu ■  |uduk>ut|  about  kbttaw  aataa >. 

At  IH.n  .  a  tafftt  at  t  lMtta^  rtala  (in  th*  aaaa*  return.  On  dua  basts.  At  Ml-at* 
tarfrt  amid  At  HfttaH  la  p«t  a  rttura  UA  above  aata  at  iO  a.mt.  TV#  l-rt  tlKnyaacy  is 
aat  titttattt.  raaadar'j^  Aa  fiiaiiuUH  aantra  d  At  cro«a-sectiou  eeumatae.  “ 


Aa  At  taynauatal  data  tan  accaoauwt,  it  aaa  fait  visa  ta  a  quire  aata  Aa  baktta  at 
birds  *  Professor  Charles  Ikka.  (ttaar  P^dtaaor  at  Comparative  Anatomy  at  M.l.T.  sad  aa 
aaid  hard  aaubtf,  apt  art  leaa  lima  at  Ltaceji  Laboratory  discussing  tha  probleae.  h  aaaaia 
Aat  Aa  aaajor  partita  ad  Aa  bird  Ufa  at  Capa  Cod  in  Aa  v  alor  consists  of  aaa  fulls  sad  aaa 
darba  abet  ara  ttapwabt  it  atsa.  Duruif  Aa  aummar.  Aa  gills  aijntt  A  Northern  Hta 
England  and  ara  rapAcad  bp  smaller  fulls  and  other  birds.  Tba  fulls  feed  h y  dap.  and  amp 
rsafu  as  *a»  as  MS  rn.au.  ta  aaa.  Although  Aap  uauallp  -ome  asbrra  pracadiaf  and  during  mclem* 
aad  aaa  Aar.  taap  afire  alary  at  aaa  ta  Aa  ainiar  whan  Aa  aatar  is  warmer  that.  Aa  air.  Tbair 
frtAnf  Aabna  ara  SucA  Aat  Aap  trad  la  arhit  tndividuaUp  evn  apacific  rafiana  of  tha  aaa  flea. 
aa«A  bard  havmg  aaa  at  a  prwa*e  ranfa  from  which  others  ara  escludrd.  aacayt  whaw  copaawa 
fawd  supplies  ara  available.  Oartflf  naatinf  saaaona,  Aap  tand  to  coma  aabora  rafularip.  The 
•m  daeba  feed  bat*  bp  dap  aad  bp  night.  and  map  feed  m  flocks.  Toy  spaed  at  both  fulls  ami 
dacha  map  be  bstwsaa  «S  and  tl  brass. 


a  .• 


’  af  Tar  gats 


Tba  yalaa  laafA  af  Aa  f  PS-lt  car ra spends  to  I ,'i  mila  af  ranfa.  and  at  id  a.mt.  Aa  bon> 
aaasal  beswatrt  is  abait  l/l  aula.  Therefore,  a  uniform  distribution  of  four  birds  per  square 
*•*!•  canid  complete *p  blank  Aa  Pft.  slthoufh  s  much  amallar  density  would  esplain  Aa  efcserved 
yattaraa.  This  is  am  a  eery  fraal  deaaitp.  and  a  traveler  on  or  above  A  i  surface  would  set  be 
•»*  A  eves  arnica  Aa  fulls  A  Aia  density  unless  ha  ware  spec  if -call/  lookme  'or  Asm,  ibe 
triaisbia  number  af  targets  an  taa  Pfl  is  due  to  Aa  compression  of  thou  lends  of  aquax?  miles 
a#  Aa  aarA'a  mrface  ante  a  few  aqiare  inebsa  af  scope  face.  Evan  during  times  af  mlfcsM-a. 
Aa  arepo  baa  wt  beats  ststmf  to  be  completely  blanked  by  Aa  birds. 

t.  Tlswal  CarraiaUsa 


•b  savaral  accae.ona.  low -altitude  aircraft  flights  have  beam  correlated  wiA  Aa  radar  sheer - 
tst'OWd.  Tba  d^tr.bu  Car  a  observe*  from  Aa  air  have  A  each  case  been  ronsi  stent  wiA  Aa  radar 
patteras.  Actual  idaatificatioa  af  an  '.ndinduat  target  is  not  so  assy  aa  it  might  at  first  aeyear. 
because  Aa  aircraft  is  s  befit  target,  it  rovers  an  area  on  Aa  PP1  almost  aa  large  .a  tba  view* 
‘"d  region  m  Aa  airburna  WO  secret .  Aa  mnuaiet  earlier,  a. -ice  tie  lifetime  d  tba  Urge  la  is 
variable,  arm*  ably  becau-e  tf  Aa  da  stem  of  die  birds  to  feed,  it  :s  impossible  to  predict  Aat  a 

Leacain  and  fun.  ’M-pe*—  af  »k*,*  U.S.  f  1A  and  tsfilalita  Vanina,  Ckcuim  Ms.  IA  (1W0». 
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parUrwlar  oirtJ  will  be  visible  to  the  ttorwt.  Obviously,  the  tUtrwr  will  mix  tnr  W  the 
birds  because  they  ur  rather  twill.  They  may  not  be  risible  front  the  WO-fom  when 

they  or*  on  th*  *urfoc«  with  their  wings  folded.  There  have  hero  owerai  individual  arttt  cwr- 
relatioM.  however,  and  the  statistics  of  the  observed  bird  distributions  are  quh  (td  a  their 
correlation  with  the  observed  rwdor  orjK  hrmhttiwia 

0.  Scu-bjf-Sa*  Pictures 

The  radars  used  in  this  experiment  have  an  aumuth  scaa  rate  of  11  seconds  per  revolution. 
Scan-by-scan  movlea  have  been  made  by  exposing  successive  scans  on  successive  frames  of 
ll-mm  movie  ulri.  When  these  films  are  viewed  on  a  m ovine  picture  projector  M  apse!  sp  the 
time  scale,  persistence  *f  vision  allows  exam: «  tion  of  target  motions  even  whew  the  maxber  wf 
targets  is  vo  large  as  to  confuse  a  scope  observer  operating  on  a  real-time  scale.  This  newr 
has  been  ured  to  determine  that  die  diimxl  and  seasonal  variations  of  these  targets  c were  spend 
to  observed  habits  of  hires,  awakening  sad  flying  out  to  sea  during  morning  twilight  and  rrain- 
mg  during  evening  twilignt.  although  they  sometimes  Seem  t<n  *>«t  ail  down  cn  the  warfare  at  'he 
evening.  The  tremendous  rush  during  die  morning  seems  to  be  die  to  the  fact  that  they  are  all 
very  hungry.  During  the  day,  there  is  a  general  milling  about  m  search  of  fond,  sod  St  evening 
return  i*  more  of  a  straggling  operation. 

The  northeastward  flow  a  the  late  evening  dir>ng  the  spring  corresponds  nicely  nth  the 
observed  habits  of  land  birds,  which  are  known  to  feed  and  rest  ditug  th*  day  and  ts  scan  their 
Migratory  flights  ui  th*  evening.  The  direction  of  flow  comi.ulrs  with  the  direct  pstn  from  Long 
Island.  Rhode  lilanu  and  Cap*  Cod  toward  Noil  Scotia.  U  the  birds  are  to  mane  hu  trip  (abort 
-00  nulea)  during  the  night  when  the  danger  from  predatory  birds  is  minimum,  then  Any  would 
by  expected  to  leave  Cape  Cod  before  muhiight.  which  correlates  with  the  fimuudug  us  observed 
migrating  targets. 

The  southward  flow  in  the  (all  centuries  until  dawn,  which  is  arm  in  consistent  m-.sn  he  (set 
.Hat  migrating  Birds  reach  their  reeling  and  feeding  grounds  at  an  appropriate  time. 

Computation  of  radar  cross  section  indicates  that  die  birds  are  Sue ir in -limited  -  that  is, 
iiey  would  bo  visible  *n  free  apace  tc  -  range  much  greater  than  that  at  which  -hey  are  oh  served 
to  cut  off  on  the  PPt.  The  cutoff  at  10  s.bi.  corresponds  tw  a  maximum  altitude  of  hr  herds  of 
lets  thin  >00  feet.  Due  is  in  agreement  nilh  the  observauars  from  low-alutuvo  plates,  us 
which  birds  are  seldom  seen  at  the  same  altitude  as  'he  plare.  On  days  of  anomalous  propaga¬ 
tion.  which  occur  quite  often  ,n  the  summer  end  occsnonslly  tat  the  winter,  n*en  surface  targets 
are  visible  out  to  much  greater  ranges  than  nor  mil,  th*  birds  sr*  often  tee-i  out  ts  It*  cu, 
or  even  more. 

It  is  evident  from  ihe  observations  made  in  the  course  of  this  experiment  that  a  bgh-power 
radar,  c willed  with  occisiona!  airborne  identification  as  to  type  of  birds,  wcxild  beeves*  a  very 
strong  ho)  in  the  Hands  of  an  ornithologist. 

Of  r«»irie,  th-re  are  some  targets  on  the  PIT  that  are  not  due  to  birds.  Arnwg  -hr  must 
obvious  are  aircraft  and  needier.  F.gare  f  shoes  a  typical  weather  display.  It  «k.wd  be  noted 
that  the  weather  la  more  of  a  di sir. bated  target,  not  showing  me  pomt  character. a*. cw  that  birds 
have.  Observation  of  the  sexn-by -scan  movies  indicates  the  general  mass  morions  eg  crouds  or 
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star mm.  but  the  max  i*  composed  ad  Rit>«rj| 
jftu  mWt  Uua  nhik«i|  kmho  toa  n> 
Urtnca  a*  the  bird*  da.  la  du*  rfftri  it  Kaa 
to an  noted  that  tha  number  ad  bird  targavt  de- 
ctraaaa  ui  tim*a  ad  uK>cnt  intor.  TV* 
road  K  tha  radar  ait*  ImU  paai  amral  tan 
dunp#  and,  an  thr  bad  dni  atm  <h*r*  a r*  a 
lot  of  scavenging  bird*  at  tha  d-iiep*.  ttora 
ara  vary  fra  bird  targets  avar  tba  at. tar. 

Surface  vessels  auk  u  fiakui|  boata  and 
pleasure  craft  arc  present  in  considerable 
awrVirra  during  tha  anau-ar  month*.  Sacauaa 
ad  tha  radar'*  rrlatively  ion  cutoff  vtVk  irr. 
beta  ara  rvt  rnuntc  «««*;*>:;  to  Ir  UTI 
oraiiff. 

■.  Othav  Sl.ao 


L  • 


ft*.#.  Typical  MT|  atiidia*  ditpisv  (TO-n.ad,. 
won**).  lc.*td  araot  appear  m  rib  matte  toca 
fir.**  tube  toll*  ecpcdillH/  af  radar. 


Viaita  have  barn  ra*>  »  various  ACC  aitra.  both  coastal  and  inlar.d.  and  FP1  photagra|ha 
have  barn  obtained.  Tha  coastal  aitaa  ahu*  distribution*  at  targets  similar  to  those  described 
above.  Tha  Inland  cuaa  only  a  fra  target*  that  might  hr  Identified  as  birds.  Thin  In  frnk 
ably  due  to  the  fact  that  UTI  radars  have  limited  subclutter  visibility,  and  tha  birds  are  asp—  ’•  y.*. 

par  sard  by  •\r  land  c  lunar,  as  in  Fig.  1.  At  mountainoua  site*.  Iona  bird  returns  have  bean  ^  0 

•Ltarvad  >n  rrgions  *Krr*  t  alley  a  r  X-.it  and  tha  ground  clutter  ts  shielded  frooi  tba  radar  site 
by  a  trrvrning  hills,  but  to  a-rboma  birds  -rr  aull  visible. 

L  Summary  od  Itn  Bud  fnHan 

On  Uw  bacls  of  tha  cw^culauana  and  the  experimental  results.  It  is  apparent  that  at  oat  ad  tha 

todtod’.  *na»d 

avereater  targets  obsanad  at  coastal  sites  ara  due  to  radar  returns  from  birds,  and  that  tSa  0 

b*rd  problem  is  ona  od  »  d-atr^uoan  ad  individual  pomt  targets  with  discrete  velocities.  The 
number  od  urgrta  is  lean  ra  tar  winter  than  in  t hr  summer  at  Cepe  Cod.  but  this  characteristic 
•a  dependent  upon  tha  latitude  od  tha  aita  and  tha  cor  sequent  climatic  ccnditiana.  All  radar  sites 
should  hav*  this  problem  to  some  drgrrr.  although  sites  axhibitu-g  considerable  round  clutter  ' 
have  tha  MT1  sensitivity  it  the  rrgions  od  clutter  so  reduced  that  they  will  observe  birv  a  anfy 
occasionally.  For  thr  usual  AX  radar,  tha  bird  velocities  aatand  almost  to  the  first  blind  *  0 

spaed,  so  that  it  la  impcoahle  to  d.h-r. nutate  tyxinat  them  in  tha  radar  on  tfcs  basis  od  velocity.  “  “ 

m  *onr.  fOf<  or  tttx  boo  problem 

A.  RarnonU  U  Bird  fetara*  by  ETC  tar*  also  AppewdU  B) 

Analysis  od  pr  'ftaga'iisn  prirciylaa  indicates  (the  well-known  'radar  aquation";  •bat  dta  radar 

power  ftwrtird  from  any  target  is  preyu— i.onsl  to  thr  radar  cross  section  of  tne  target  and  an-  _ _ . 

vrrorty  propoi  nunal  to  rr  fan.  -  i  power  of  thr  range  to  thr  target.  Therefore,  tor  a  target  as 
s  given  range,  the  receive^  aowrr  :s  proportional  to  tha  radar  cross  section  Since  tha  on*  gull  , 
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<o-  <hick|  ia  approximately  12  db  a  fuller  thun  an  F-*S  (nose-on I  which  ia.  m  turn,  art  leant  10  or 
I2db  a  mailer  than  a  B-50,  tt  i«  feasible  to  remove  bird  ret uroi  en  the  baaia  of  target  ai  ze.  Am 
approach  to  this  method  haa  been  in  existence  for  yea ra  in  the  form  cf  STC  on  many  ndaro.  TVe 
traditional  STC  circuit,  using  a  airgle  capacitor  discharge,  does  not  provide  a  fain  variation 
that  allows  aettinf  of  a  tarf  et  croaa  section  threshold  over  an  extended- range  raf  ion.  It  may  bn 
made  acceptable  for  a  particular  range  seg ment,  but  it  usually  introduce#  a  hole  at  shorter 
ranges.  It  must  be  gated  off  at  longer  ranges  to  prevent  excessive  reckiction  of  sensitivity  at 
long  range'!.  The  ideal  STC  gives  a  receiver  voltage  gun  that  varies  as  A2.  Since  the  received 
voltage  io  proportional  to  the  square  root  of  the  received  power. 

In  order  to  determine  the  correct  STC  waveform  to  provide  the  proper  gain  variation  over 
the  region  troubled  by  birds.  Croup  12  treasured  the  gam  characteristic  of  the  FPS-20  IT  pre¬ 
amplifier  and  determined  that,  in  order  to  cause  the  voltage  gam  to  have  the  desired  R  char¬ 
acteristic.  the  applied  bias  voltage  mast  have  a  DC  component  (determined  by  He  radar  param¬ 
eters  and  the  size  of  the  targets  to  or  rejected)  and  a  time-varying  component  proportional  to 
the  logarithm  of  time  after  the  transmitted  pulse  (for  ranges  where  birds  exist)  which  is  no* 
changed  in  amplitude  or  shape  during  any  operatitmal  adjustments. 

It  la  extremely  important  that  the  operational  aJyistmema  consist  only  sf  variation  af  the  DC 
component  to  accommodate  to  the  size  of  targets  expected,  since  change  m  amplitude  or  shape  ef 
the  time-varying  component  sill  cause  birds  to  show  up  at  some  ranges,  or  will  introduce  hole* 
in  coverage  at  some  ranges. 

B.  The  Lincoln  Laboratory  ffTC  ttdt 

A  self-contained  STC  unit  incorporating  die  principles  discussed  above  haa  been  built  by 
Croup  42  and  installed  at  S with  Truro.  The  unit  ia  described  in  Appendix  a.  Four  norta  at 
operational  experience  ind.cate*  that  it  haa  almool  completely  eliminated  mapping  on  aorsanl 
days  (those  days  without  appreciable  weather  mural)  and  haa  allowed  tracking  'f  aircraft  In 
regions  that  In  the  past  were  normally  mapped  because  of  birds.  Happing  is  the  process  that 
removes  regions  containing  an  excessive  number  of  targets  before  radar  data  are  fed  to  the  com¬ 
puter,  in  order  that  the  computer  iA.' Jr  l-l  uu  idling  capacity  will  an  be  saturated. 

The  unit  ia  checked  and  installed  by  both  military  and  civilian  technicians  who  are  given  only 
short  verbal  instruction#.  During  the  four  months  of  operation,  the  only  maintenance  that  haa 
been  required  haa  been  due  to  tube  failure. 

Figure  10  shows  an  MTI  PPI  photograph  on  a  normal  day  withwt  STC.  Figure  It  shown  an 
MTI  PPI  photograph  taken  24  seconds  before  Fig.  10.  the  only  difference  bring  thst  the  STC  vwH- 
age  had  been  applied  to  reject  a  target  JO  db  above  noise  at  20  n.tm.  This  setting  rejects  targets 
of  the  same  cross  section  from  about  0  to  00  n.mi.  It  ia  seen  that  moat  d  the  targets  have  been 
removed.  The  targets  remaining  to  the  south  and  aouthwes*  between  tt  and  10  a. ml.  are  targets 
Just  south  of  Cape  Cod.  Investigation  by  means  uf  a.a.n-^y-lcl.t  ph.-negraphs  shows  diem  to  be 
clusters  of  birds  feeding  near  the  shore.  It  is  to  be  noted  din  these  targets  appear  also  m  Fig.  I*, 
and  that  no  new  targets  have  been  Introduced  by  addition  of  STC.  The  targets  remaining  near 
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SO  m_nu.  at  JU*  »  W»'  jrr  birds  in£i|  la  iluMm  oil  ProuHRliwm.  Th»  mt  of  the  targe- cs 
are  aircraft. 

Figure  12  show*  a  plot  of  the  nul  number  of  br{fu  appearing  at  the  output  of  the  FST-i 
in  <a  rtfiai  from  SmM  n.au.  aa  a  {unction  at  attenuation  at  M  IT.BU-,  ttu(  the  STC  unit.  The 
target  a  remaining  beyond  10 -db  attenuation  arc  ml  aircraft,  riiipn  and  cluster*  of  birds. 

It  should  ba  rccmphisiacd  that  Introduction  at  dam  STC  bar  slloved  complete  repeal  ot 
mapping  am  normal  da's  without  saturating  the  telephone  line  capacity  from  South  Truro,  and 
that  it  ha a  simultaneously  retained  the  capability  against  bomber -type  and  fighter-type  aircraft, 
except  for  hlgn  angle  coverage  oil  fighters  aa  diatosaed  below. 


C.  STC  at  TUan 

The  manufacturer  of  the  fTS-M  provides,  as  a  field  modification.  aa  instantaneous  senai- 
tivity  flaw  control  liSTCl*  that  la  eesenually  a  Mfttnv  pedestal  applied  to  MT1  video  after  can¬ 
cellation.  It  the  waveform  la  correct,  then  such  a  scheme  would  be  expected  to  five  (in  moat 
regional  equivalent  operation  to  STC  applied  at  IF.  aa  described  In  this  report.  Some  addition! 
requirements  are  placed  upon  the  waveform  when  STC  is  applied  at  MT1  video. 

Because  at  the  limited  auhclatter  visibility  of  a  scanning  MTI  radar,  targets  are  suppressed 
in  regions  at  ground  clutter  (see  aloe  Appendix  CL  Large  aircraft  targets  may  give  very  small 
video  returns,  and  birds  are  eliminated  altogether.  In  this  case,  it  la  necessary  to  remove  the 
negative  pedestal  to  a  degree  det  rrrvoed  fay  the  use  of  f,srd  chatter  present.  The  15TC  does 
•hid  by  means  at  aaiaing  in  a  clutter  profile  obtained  from  a  logarithmic  receiver. 

Since  the  IF  signal  fed  to  the  cohtreat  phase  drtcctoc  (to  provide  bipolar  video  for  the  can¬ 
cellation  unit)  is  amplitude-limited,  there  is  no  tnfonsauon  in  the  MT1  video  as  to  the  sue  of 
targets  that  exceed  the  limit  level.  For  inland  sites-  where  there  la  usually  ground  clutter  in  * 
the  first  several  aailrs.  birds  probably  never  exceed  the  linut  level.  At  a  coastal  site,  however, 
close  as  brfa  may  give  radar  returns  In  excess  ad  the  limit  level  at  the  phase  detector.  In  this 
case,  H  is  impossible  to  remove  them  at  MTI  video  without  simultaneously  removing  desired 
targets. 

The  application  at  STC  at  MTI  video  has  the  adL^mal  disadvantage  that  it  neglects  the  nor¬ 
mal  video  rh innrl.  In  moot  ADC  radars,  the  normal  video  presentation  .s  used  whenever  possible 
because  it  does  not  bave  the  loss  is  sensitivity  icfue  to  blind  speeds)  exhibited  by  MTI.  Application 
st  IF  allows  on*  unit  to  provide  STC  foe  both  normal  video  and  MTI  channels. 

There  appears  ts  bs  no  advantage  to  application  at  MTI  video,  and  there  arc  several  dis¬ 
advantages. 

D.  FTC  had  Chdier  Effects  os  Hlgh-Aaglo  Coverage 

Uafortunately.  <bs  reduction  of  gala  at  short  raeges  reducer  the  higi>-nngle  coverage  capa¬ 
bilities  of  the  radar,  as  discussed  in  mare  detail  »  Appendis  C.  The  reduction  is  not  significant 
fof  large  targets  mrh  as  bombers,  but  it  is  significant  for  fighter  aircraft.  In  the  SAGE  concept, 
since  fighters  sre  tracked  by  IFF,  the  reduction  m  bigh-angle  coverage  is  a~crpt*ble.  If  it  were 
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decided  to  utilise  radar  returns  for  the  tracking  of  fighter*,  then  it  would  be  deiirable  to 
minimize  the  high-angle  lot*  by  means  uf  an  STC  muunum-niift  gate,  a*  diactiaaed  in 
Appendices  C  and  0  and  included  in  the  Lincoln  Laboratory  unit. 

South  Truro  ta  a  ape  ml  case  in  that  there  I*  very  little  ground  clutter  at  abort  range*  at 
any  azimuth,  in  moat  aeacoaat  radar*,  there  ta  mj  little  ground  clatter  an  the  seaward  aid*. 

In  regions  of  large  ground  clutter,  however,  even  large  a.rcraft  target!  are  auppreaaed  tn  the 
MT1  video  becauae  of  the  finite  aubciutter  capabilities.  Thus,  high-angle  coverage,  which 
depend*  upon  seeing  a  target  on  the  'skirt*  of  the  beam  (the  so-c-'t-d  cosecar.t-squared  region!, 
la  reduced  by  ground  clutter  in  an  MTI  radar,  even  though  the  ground  clutter  cancels  well  and 
dora  not  introduce  false  target*.  ('Product  Improvement  Proposal,  A.N/FPS-ZO  T-2490-S.* 
Hendix  Kadi o  Division,  pp.  I  to  It,  gives  a  qualitative  discussion  of  this  effect.)  The  important 
relationship  between  STC  and  ground  clutter  is  that,  if  the  ground  clutter  is  large  Enough  to 
suppress  bird  targets,  which  it  is  observed  to  do  usually,  then  introduction  of  an  STC  gain  relic¬ 
tion  that  would  yiat  suppress  a  bird  target  at  a  particular  clutter-free  range  will  not  reduce  the 
ground  clutter  auf.iciently  ta  have  an  appreciable  effect  upon  the  subclutter  visibility.  Thus, 
introduction  of  bird-removing  STC  applied  in  the  IP  preamplifier  before  limiting  does  not  intro¬ 
duce  additional  suppression  of  high-angle  coverage  in  ground-clutter  regions. 

High-angle  cm,  rage  could  be  regained  by  return  to  the  concept  of  two  beams,  where  the 
lower  beam  would  include  STC  to  remove  birds  and  MTI  to  remove  ground  clutter,  and  the  upper 
beam  would  not  obierve  either  biros  or  ground  clutter  because  of  their  low  slt  tude. 

Other  researches  have  led  to  the  proposal  of  introduction  of  a  logarithmic  receiver  to  com¬ 
bat  noisy  weather  and  some  type*  of  chaff,  existing  logarithmic  receivers  will  not  function 
properly  with  the  large  gaui  variations  necessary  for  STC.  It  la  therefor*  desirable  to  separate 
the  IK  for  the  normal  and  *ITI  receiver*  from  that  to  the  logarithmic  receiver  quit*  early  in  the 
amplifier  chain  b-fore  limiting  occurs  on  any  targrts  of  interest.  In  auch  a  caae,  the  STC  should 
be  applied  to  the  IK  for  the  normal  and  MTI  receivers  after  the  branching  takes  place. 

IV.  RECOMMENDATION 

On  the  basis  of  the  information  discussed  in  this  report,  ,t  it  recommended  that  all  aeacoaat 
radar*  (or  the  lower  beam  of  mulliple-bexm  aeacoaat  radars)  and  all  other  L-band  or  higher- 
frequency  radars  experiencing  difficulty  with  bird  echoes  should  be  equipped  with  STC  circuitry 
applied  to  the  IK  preamplifier.  The  STC  waveform  should  cause  the  receiver  voltage  gain  to 
vary  as  and  to  have  attenuation  appropriate  to  tnr  aite  and  the  radar.  The  STC  In  a  tingle- 
beam  radar  should  haw  an  adjustable  cu’off  range  to  optimise  high-angle  coverage.  The  tradi¬ 
tional  single  HC  discharge  networa  commonly  used  for  STC  doe*  not  provide  acreptable  operation. 

I*  is  imj->rtant  to  remember  that  y  TC  ha*  its  optimum  utility  in  removal  of  Individual  point 
targets.  If  ground  rlutter.  weather  c,r  other  distributed  targets  -  or  targets  lomparabl*  In  six* 
to  the  dratred  targets  -  are  to  be  removed,  other  techniques  should  be  used. 
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DESIGN  OF  STC  LI NTT 


1W  cuiinilM  atift*  of  th«  IF  pmaplJirr  of  t*is  AN/FPS- IQ  arm  two  MS4/6AKSW 
-- j--  '  ---  |a  order  to  upljr  a  umo-varyutg  |un-c«irtil  wluj»,  it  ia  neco.s* ry  to  replace 
too  teorort  in  'Jit  fa  in -control  by  a  decoupling  network  with  10-Mcp.  sc  if- re  sunim  chokes. 

The  fa-n  charactrnauc  has  been  measured  and  ia  presented  in  Fi(.  H-t.  where  the  abscissas 
•»,  — -  11  -  are  bias  voltage  and  the  ordinates  are  sain  indb  above 

kl  an  arbitrary  level,  it  is  seen  that  the  gam  indb  vanes 

- - - linearly  with  biaa-voltage  change  over  the  region  ia 

|  which  the  preamplifier  is  usually  operated.  This 

means  that  the  voltage  gain  vanes  as  an  exponential 
1  \  function  of  the  bias-voltage  increment  m  this  region: 


mi  ww 

Flf.S-l.  Gdn  dmeudsit  d  If 
pwyliru.  of  AN.  m-20. 


where  A  is  the  voltage  gain.  K  is  a  constant,  m  ia 
determined  by  the  slope  in  Fig.  B-l,  and  B  is  the  bias 
voltage  (negative). 

The  ideal  STC  maintains  the  output  voltage  con¬ 
stant  fur  a  target  ot  a  given  ernsa  section,  regard¬ 
less  a f  range.  The  radar  equation  states  that  the 
received  voltage  vanes  ss: 


$  ■ 


Vf  i«  the  received  voltage,  Dm  constant  drterrr.med  by  the  radar  parameters,  •  ia  the 
target  radar  cross  section,  and  R  is  the  range  to  the  target. 

The  receiver  output  voltage  is 


V  «  AY.  •  AO 


«■  • 


•here  A  is  the  receiver  voltage  gam.  and  V  is  to  be  held  constant  for  a  given  e.  Solving  <  J) 
for  A  gives 

•  H 

U  N  • 

E-f^jt.on  Ml  it  be  equated  tw-Eq.  (1)  for  the  FP5-20; 


•  • 


•  K*  • 

On  9 

Tak.ng  the  natural  logarithm  of  both  sides  gives,  after  rearranging  terms. 

„  t  ,  Vo  1  ,  Z  ,  „ 
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Equation  |t|  a  Sows  that  the  dntnd  bias  voltage  conutna  a  DC  '<fr  -.hat  Jqwria  afu  radar 
parameters.  a  DC  Itrn  that  depends  upon  th«  gain  characteristic  uf  tha-  naiirollti  stage*  and 
upon  tha  dr-tred  target  cross  section,  and  a  time-varying  term  nhoae  amplitude  StpiaSa  span 
te  paackaraOnanc  and  abide  shape  varies  as  the  logarithm  of  range  tar  lugarttom  d  time 
after  die  transmitted  pulse). 

A  comparison  of  the  logarithmic  curve  veil  RC  discharges  of  various  time  constaans  shoes 
that  it  is  sot  possible  to  match  i*  accurately  over  a  large  enough  range  interval  to  tv  move  brh 
effectively.  However,  the  additioe  of  two  capacitor  discharges  having  discharge  tune  cor. name 
of  40  and  bOOpsec,  respectively,  produces  an  acceptable  STC  voltage  f  >r  the  region  from  JO  to 
tfOOpsec.  Fsgt '  •  l>  a  is  a  plot  of  the  two  capacitor  discharges,  tpyether  with  the  desired  logs 
nthmlt  curve.  The  points  shown  are  from  addition  of  die  two  discharge  turves.  At  very  short 
ranges  (estrentely  low  receiver  gain),  the  receiver  characteristic  deports  from  toe  exponential 
form,  and  TR  recovery  also  changes  sensitivity;  kence,  the  gain  departs  from  toe  desired  gam 
somewhat  more  than  Fig.  B- 2  indicates. 

As  discussed  in  Appendix  C.  the  departure  of  the  nynthemxed  curve  beyond  1104 pore  is  wot 
serious,  since  it  is  not  desirable  to  apply  STC  at  that  range  in  any  case.  Investigation  m  con¬ 
tinuing  as  to  the  general  applicability  of  the  linear  db  gain  vs  b^o-vohage  characteristic,  in 
arder  to  determine  whether  this  shape  in  fact  applies  to  other  IF  amplifier*. 


fig.  0-2.  Addition  of  Vue  capacitor  discharges  to  spp/minsts  a  logarithmic  curve. 
The  indicated  pointt  or*  <ho  result  of  adding  the  nr*  curses,  and  tht  straight  lino  la 
do  logarithm.  Sines  preamplifier  gain  sensitivity  Is  about  20  to  per  volt  of  bias, 
depasture  from  the  desired  logarithm  by  0. 1  volt  causes  a  departure  In  gar*  ^  2.0  to. 
h  operation,  a  fixed  DC  M  added  te  this  curve  te  determine  set  get  ties. 
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APPEOTHX  C 

mCU-AUCVX  COYtKAGK  AS  AfTtCTtO  BY  ITT 

F igure  C-l  above  the  jpf>rn-]matc  roverage  diagram  for  a  B-90.  THr  ml  id  rurvr  la  tit* 
roverage  expected  in  the  aba-tier  of  bird*  or  (round  clutter.  Thr  refs I  afwafi  ecrTtrally  shaded 
ia  that  which  srouto  hr  loat  berauac  of  birda  on  an  avrra(e  day.  On  days  of  anomalous  props  gs- 
tian,  thr  birda  arc  often  viaible  to  ISO  n.nu.,  in  ahirh  caar  the  vertically  shaded  re  (ion  would 
hair  to  hr  extended  accordingly.  On  daya  of  extremely  anomalous  propagation,  birda  have  brew 
obarrvrd  to  be  viaible  rvm  farther,  la  o-dcr  for  the  riirrwe  radar  vlaib.liiy  to  orrar,  it  la 
neceaeary  that  thr  radar  rnrrgr  be  trapp'd  in  a  waveguior-like  condition,  m  which  cave  the  aig- 
ul  strength  falls  leas  rapidly  than  k”'.  On  tueb  a  day,  STC  may  give  some  improvement,  but 

no  *c!raa*  solution  is  readily  apparent,  since  the  ducting  ia  almost  certain  to  vary  aa  a  funetiaa 

A 

of  azimuth?  and  thr  STC  characteristic  would  have  to  vary  at  conformity  with  it  in  order  to  re¬ 
move  the  birda  completely  ■ 

In  order  t»  determine  the  effect  of  SVC  upon  the  roverage,  one  first  deirrminea  the  range 
at  which  the  target  bring  rejected  falls  below  the  detection  threshold.  In  the  ease  of  rejection 
of  targets  10 db  above  aoueat  20  nan.,  this  range  ia  approximately  91  a  mi.  The  coverage 
with  STC  is  then  determined  by  drawing  a  dashed  line  from  the  expected  coverage  curve  at  this 
range  to  the  origin,  as  in  F>g.  C-t.  The  region  loat  by  application  of  STC  ia  indicated  by  hori- 
toniai  shading,  and  the  region  loat  either  with  or  without  STC  ia  shown  aa  duvbk-'-wi^ded.  For 
the  aircraft  under  consideration,  the  net  effect  of  STC  is  to  recover  the  region  shorn  only  ver¬ 
tically  shaded,  without  adding  any  loam  that  would  not  alreuJy  exist  because  of  birds  in  the 
absence  of  STC.  „ 

figure  C--  shows  the  case  of  a  fighter  (F-«6),  in  which  the  additional  loss  due  Vo  applicatioo 
of  STC  beyond  the  range  to  which  birds  are  visible  (thw  bird  horixon!  is  afiprrciable.  for  die 
present  SAGE  concept,  this  rather  serious  coverage  loaa  is  acceptable  because  fighters  are 
tracked  by  means  of  Iff.  An  increase  in  radar  coverage  for  fighters  r  ty  be  accomplished  by 
means  of  a  gate  that  turns  off  -he  STC  action  beyond  the  bird  horizon  and  la  adjustable  to  match 
the  STC  maximum  range  to  the  bird  horixon  fox  the  particular  day  and  anomalous  propagation 
conditions. 

When  the  STC  is  thus  gated  off  at  the  bird  ho  .-lion,  no  coverage  is  loat  due  to  STC  that  was 
not  already  misting  because  of  birds;  instead,  'c  wangle  coverage  ia  increased  rvm  in  the  pres¬ 
ence  of  birds. 

Figure  C'J  shows  the  expected  roverage  diagram  for  a  bird  target  12 db  below  an  F-S*  m 
cross  aeer.sn.  Since  no  coverage  Is  seen  at  99  n.rni.,  the  equivalent  uf  the  dashed  lines  in 
figs.  B- 1  ard  H-2  removes  the  entire  coverage,  as  expected.  In  fact,  STC  of  26-db  attenuation 
at  20  n.nu.  would  remove  the  whole  diagram.  The  difference  between  26  and  10 db  is  due  to  the 
qualitative  nature  of  the  cross-section  estimates. 

Since  the  birds  are  primarily  a*  very  low  altitudes,  one  might  expert  that  aa  they  approach 
tt.e  aite  they  move  up  into  a  different  region  of  the  antenna-gain  pattern.  One  would  then  be 
vvpted  to  tailor  the  STC  to  allow  for  thia  second-order  variation  in  received  signal  Since  die 
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birds  »rt  »i  vrry  Um»  angles,  fcrr  in  rr|MM  where  t here  is  appreciable  k«£nng  of  the  awnw— 

pattern  caused  by  reflections  of  energy  from  the  earth's  surface.  This  lobmg  varies  as  a  func^aa 
of  asimuth  because  of  variations  in  terrain.  A  a  mentioned  in  Sec.  Ill-C  with  respect  to  clatter 
profiles,  matching  of  control  waveforms  to  esimuth  variations  usual  >  is  not  feasible  at  an 
operating  a.te.  and  the  sccond-oider  improvement  would  net  justify  the  great  increase  ua 
cocnpleaity. 
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APPENDIX  O 

■excerpts  from  rrc  instruction  t*Ajnu& 
f.  Dcsaumo*  off  *tc  tncr 

Tha  Lu*ia  t-iborroua-Y  STC  unit  trig.  D>l)  too  aatf-cvrtajond  amt  ^*t  apfUn 
•la*  rrplacra  dta  munup-iain  control  provided  with  the  AH/FPS-A.  Tha  ETC  Ml  I 
of  Mw  sacu mu  IF!{>> 'lVi  and  D-J|. 


A.  Trtctr  Santlndlttf 

Tkr  tracer  st^auurdixcr  conaiata  of  tuba  Vi  and  pulaa  tranafoa 
VI  rauplea  tha  eaairm.  rrttjer  to  the  blocking  »a  dilator  (aeco-id  mm 
blocking  oacillatur  ftnra.  tha  input  circuit.  The  blocking. oacilUtnr  i 


r  T1.  Tha  fir  at  auga  af 
i  of  Vl|aaf  loaiataa  tha 
aria  tkr  •jrateaa  triggar 
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to  a  |m!m  at  ®r«n  -r  %hap*  and  lm>  »<im«  level  to  charge  tor  STC  capacitor*  and  to 

trigger  a.v  ,m  'tteibraUs*  Vi. 

IV  pul>r  Lngto  ut  to*  blocking  Mcllhto  I*  i|iproiiiul«l>  7ti*ec  *m  dtitrsuiwd  by  to* 
capaw  tftM*  td.042  and  4  M7*M|  a  vrmmj  |  af  It.  (TH*  (mwfcrmfr  Tt  is  wA  *Hat  otL& 
to:*  gr .d-circuit  capacitance  need  be  IdfiiM  tar  proper  puls*  length.) 

71k*  frigge*  for  Vi  i*  taken  tram  tarmiu]  I  W  Tt.  and  th*  STC  capacitors  »r*  charged  from 
Vrn.tol*.  t-t  at  VI.  TH*  tNVJ  jOi)  xracl  M  clip*  any  positive  overshoot  that  may  occur. 
tb«#  viur.ni  proper  charging  «f  to*  STC  •'tpaidtara.  .  ■ 

t.  Targat-flM  Cootrat 

TH*  ‘jirirt'iu*  lunirrl  Pi  reguli  to#  a  1C  Mu|r  tool  determine*  to*  aia*  of  to*  target  to 
W  npeW. 

C.  Cate-Langth  MulUflh.vto* 

TH*  (air  tm|ik  of  to*  tniiiivto.'-tor  •*  itoirniM  by  a  DC  voltage  toat  la  determined  by  PL 
To  insure  proper  triggering  by  tor  nr^in*  jo  W  from  terminal  i  of  Tt.  a  INJOl  (Dt|  is  placed 
arruM  to*  lO-kikdint  resistor.  tb.«  ii'to  pedate*  tor  charging  tim*  of  to*  capacitor,  thus 
giving  a  faat  na*  tim*. 

f'l/'entiometer  J*t  la  aa  intomal  adjustment  to  idrtaut  to*  proper  variation  ia  gat*  lengto  "hen. 
bvraaa*  of  a  nee  tub*  nr  aging  of  compenrata,  to*  gat*  lengto  is  not  correct  (150  to  itodpaec). 
or  *h*n  free  runntng  m-rara  at  th*  eitreme#  of  to*  (ale-length  potentiometer  PL 

Th*  INVi  (DIO)  damps  th*  aMltivibratu*  pals*  to  to*  proper  potential  during  to*  STC  interval 

0.  Tin*  CoasUaU 

The  SO-  and  400-psr<  tim*  conatanta  are  charge*  l. rough  to*  H-volt  a*n«*  diodes  Dl  and 
fib,  a  tin  h  maintain  a  lira  impedance  foe  charging  to*  STC  capacitor*  atoll*  maintaining  a  high 
impedance  rat  diaiharg*  of  to*  capacitors. 

The  bias  tai  1)1  and  US,  f«»»!"|*d  by  to*  H.  sod  to*  7.S-kltehm  r*«l*to r  and  applied  through 
'terminal*  W  of  Tt,  IS  to  maintain  to*  diodes  aratrimductu'.g  bettreen  charging  pulses. 

Tii*  srner  diodes  |M  and  U  govern  dl*  maumuia  voltage  u>  which  to*  capacitor#  are  charged 
lapprorimately  -I*  volt*). 

!l<ih:  For  proper  STC  operation,  buto  time  conatanta  must  b* 
present.  Na  attempt  should  be  mad*  to  change  to*  wav* 
dn|*.  If  failnr*  occur*,  conga  ate  at#  may  be  replaced 
but  not  changed  In  vala*. 

t,  Adding  ttotwdfh 

Til*  adding  network  consist*  of  a  aeries  resist* nr*  in  each  section.  <tO*a*c  tun*  eonatant: 
47®  fcilnfima;  a  00,,  a*.  time  ronstant:  t70kiluhms;  mullivibratrir  gate:  1.1  megohm*;  target  awe: 
470k.Wtma.) 
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